Oral squamous cell carcinomas (OSCC) are common malignancies that affect almost a million people every year. The key issue in reducing mortality and morbidity associated with OSCC is to develop novel strategies to identify OSCC at an early stage. One such strategy is the identification of biomarkers. So far, more than 100 biomarkers are recognized in the detection of oral cancer and they range from proteins to nucleic acids (DNAs, RNAs). Detection of ribose nucleic acids in saliva is a recent trend in diagnosing oral cancer. Studies have shown statistically significant changes in the levels of salivary transcriptomes in patients with oral squamous cell carcinomas. These biomarkers have displayed high sensitivity and specificity. Also, new point-of-care platforms such as oral fluid nanosensor test are now available that will soon emerge as chair-side tools for early detection of oral cancer. The aim of this review is to highlight the importance of salivary transcriptomes in oral cancer detection.
Introduction
Saliva is a reservoir of innumerable biomolecules whose levels reflect systemic health and disease status. Therefore, saliva can be considered as a mirror of body health [1] . Saliva has been proposed as a diagnostic medium of choice because its collection is simple, noninvasive, less time consuming, and inexpensive [2] . Squamous cell carcinomas of the oral cavity are common malignancies. The low survival rates and morbidity can be attributed to the late diagnosis [3] . Hence, several new trends have been emerging that have successfully addressed this problem among which salivary RNAs are noteworthy [4] . The first report of saliva as a diagnostic medium for oral cancer was published by Liao et al. who identified mutations in exon4, condon63 of p53, in 5 out of 8 patients with oral squamous cell carcinoma [5] . Saliva can be utilized for early detection of oral cancer as this body fluid maintains continuous contact with these lesions. Diagnosis of OSCC is currently based on biopsy test, which is an invasive method. There is a need for developing a noninvasive screening tool (biomarker test) for early detection of squamous cell carcinoma ( Figure 1 ).
In 1998, the National Institutes of Health (NIH) defined biomarker as a characteristic that is an objectively measured and evaluated indicator of normal biologic processes, pathogenic processes, or pharmacologic responses to therapeutic intervention [6] . Biomarkers are molecular signatures that are unique to a certain disease (e.g., oral cancer).
Rationale behind the use of salivary biomarkers is as follows.
(1) Saliva contains a wide range of compounds.
(2) Saliva is easily accessible.
(3) Saliva sampling for diagnosis will improve patient comfort, as it is a noninvasive method of disease detection [2] .
(4) Saliva samples are safe to handle. It has biomolecules that can inhibit human immunodeficiency virus, and 2 Analytical Cellular Pathology It maintains the integrity of chromosomal nucleosome and is a proliferative marker [5, 26] . IL IB It is chemical mediator of cell proliferation, differentiation, and apoptosis [27, 28] . IL 8 It is a player in tumor angiogenesis, cell adhesion, and cell cycle arrest [29] [30] [31] .
OAZ1
It regulates polyamine synthesis and is a tumor suppressor [5, 32, 33] . SAT It is responsible for catabolism of polyamines [35] . S100 P It is responsible for cell cycle regulation and differentiation [36] . miR-125a
It affects genes in MAPK pathway and in cell proliferation [45] . miR-200a
It plays an important role in tumor suppression and early metastasis [46, 47] . miR -31 This is a tumor suppressor [44, 48] . hence the chances of transmission are very low as compared to transmission from blood samples [6] . (5) As compared to blood samples, saliva samples are easy to store, as saliva does not clot [6] .
Suspicious oral lesions
Despite several advantages of salivary biomarker estimation disadvantages do exist. The concentration of most analytes in saliva is very low (100-1000-fold) as compared to their concentration in blood [6] . However, with reference to saliva sampling in oral cancer, this may not be a limitation as the biomarkers are usually locally released from the tumor site.
The salivary biomarkers for oral cancer can be broadly divided into protein and RNA based biomarkers. Protein based biomarkers include a group of biomarkers such as cytokines, fibroblast growth factor, cyfra 21-1, cancer antigen-125, tissue polypeptide antigen, endothelin, matrix metalloproteinases, glutathione transferase, and superoxide dismutase [1] . RNA based biomarkers include a group of recently discovered biomarkers, which include messenger RNAs and microRNAs. In this review, we present the importance of ribose nucleic acids in saliva and their role as biomarkers in the diagnosis of oral squamous cell carcinoma.
Ribose Nucleic Acids in Saliva
In oral squamous cell carcinoma subjects, the transcription of specific mRNAs and miRNAs is altered (Table 1) . For years, RNAs were believed to quickly degrade in the saliva due to the effect of salivary ribonucleases. However, several studies have confirmed that RNAs in saliva can exist as stable molecules [7, 8] . It is now proven that salivary RNAs are protected from degradation by cell organelles called exosomes. Exosomes are fundamentally membrane bound cell organelles whose size ranges from 30 to 100 nm in diameter. They originate from the endoplasmic reticulum and are abundantly filled with mRNAs, miRNAs [9] [10] [11] . Skog et al. and Al-Nedawi et al. have concluded that their exocytosis is one mechanism for accumulation of ribose nucleic acids in saliva [12, 13] . So, their careful profiling provides insight into the diagnosis of oral cancer. The ribose nucleic acids (RNAs) in the saliva are produced either locally or from serum [14] [15] [16] . Serum derived RNAs are transported via acinar cells and gingival crevicular fluid and also by transcellular (active transport or passive diffusion) and paracellular routes (ultrafiltration) [17] . Cellular necrosis and apoptosis are believed to be the principal mechanisms of release of ribose nucleic acids in saliva [18, 19] .
Messenger RNA Profile in Oral Cancer
Messenger RNAs are a family of molecules that convey information from the DNA to the ribosome. This information is in the form of a sequence of nucleotides arranged into codons that denote specific amino acids. With the help of transfer RNA and ribosomal RNA, translation occurs at the level of the ribosome, wherein the mRNA molecule is converted into a polymer of amino acids. Several researches have shown that the levels of mRNA reflect physiological states and disease processes. Li and his associates were the first group of investigators, who have shown that saliva supernatant from healthy individuals contains more than 3000 mRNA species [20] . Li et al. have found in a series of experiments that various mRNAs are upregulated in the saliva of patients suffering from oral squamous cell carcinoma (OSSC) [5, 20] . A statistical significance elevation was noted in seven mRNA transcripts that include DUSP1, H3F3A, IL IB, IL8, OAZ1, SAT, and S100 P. This study was conducted Analytical Cellular Pathology 3 using microarray analysis and quantitative PCR in a sample size of 64 individuals consisting of 32 controls and 32 patients with OSCC. These biomarkers displayed sensitivity and specificity of 91% when used in combination [5] . Although 1670 genes exhibited differential expression, among them only 7 transcripts demonstrated statistical significance. Recently, studies were conducted on much larger sample sizes (150 patients) by Wong and his associates, further validating these 7 mRNA transcriptomes.
Studies conducted by most of the investigators identified a significant elevation in 7 mRNA molecules. They include the following.
DUSP1. Dual specificity protein phosphatase 1 is an enzyme that is encoded by the DUSP1 gene situated on chromosome 5 [21, 22] . This gene spans about 3111 bp and is made up of four exons separated by three introns. Transcription of this gene results in an mRNA whose expression plays an important role in activating MAPK pathway that participates in protein modification, oxidative stress, and signal transduction [23, 24] . DUSP1 is further controlled by the p53 gene and hypermethylation of DUSP1 gene is a necessary event in oral carcinogenesis [25] .
H3F3A. H3 Histone, Family 3A, is a protein that is encoded by the H3F3A gene situated on chromosome 1 [26] . Histones in general are nuclear proteins responsible for the structural integrity of chromosomal nucleosome. H3F3A gene is made up of 5 exons spanning about 9282 bp. The H3F3A mRNA is a proliferative marker made up of 135 amino acids and weighs 15 kd [5] .
IL IB. Interleukin 1 Beta is a member of Interleukin 1 family of cytokines [27] . This protein is an important mediator of inflammation, cell proliferation, differentiation, and apoptosis. The gene that corresponds to this protein is situated on chromosome 2. Studies have shown elevated serum levels of IL IB in patients with oral squamous cell carcinoma [28] .
IL8. Interleukin 8 is a proinflammatory cytokine also known as neutrophil chemotactic factor [29] . This gene is located on chromosome 4 and spans 3211 bp. After translation, an mRNA is produced that contains 99 amino acids and weighs 11 Kd. It plays a key role in tumor angiogenesis, cell adhesion, immunity, and cell cycle arrest [30] . St. John et al have assessed the expression of IL-8 in serum and saliva at the messenger RNA and protein levels. They have concluded that IL 8 in saliva ( < 0.01) holds promise as a biomarker for OSCC [31] . Electrochemical sensors were used for detection and ROC analysis for predictive power estimation. This test has yielded high sensitivity and specificity for both IL8 and IL8 mRNA alone and in combination.
OAZ1. The ornithine decarboxylase antizyme 1 is a protein that plays an important role in the regulation of polyamine synthesis [32] . The OAZ1 gene is located on chromosome 19 [33] and spans 3969 bp. Its gene product contains 228 amino acids and inhibits ornithine decarboxylase and is thought to be a tumor suppressor [5] .
SAT. Spermidine/Spermine N1-Acetyltransferase 1 is a protein encoded by the gene SAT [34] . This protein belongs to the acetyl transferase family and participates in the catabolism of polyamines [35] . This gene is situated on chromosome X and is made up of 4095 bp. S100 P. S100 calcium binding protein P is a member of the S100 family of proteins that is made up of 95 amino acids [36] . The S100 proteins located either in the cytoplasm or in the nucleus that participate in cell cycle regulation and differentiation. The gene that encodes this protein is situated on chromosome 4.
MicroRNA Profile in Oral Cancer
MicroRNAs (miRNAs) are short RNA transcripts that range from 19 to 25 nucleotides [37, 38] . They were discovered during the early 90s in a transparent nematode. Until now more than 1000 miRNAs have been profiled and their dysregulation was found to affect cell growth, apoptosis, differentiation, motility, and also immunity [39, 40] . With relevance to oral cancer miRNAs have shown to play a significant role in cell proliferation and apoptosis [41, 42] . MicroRNAs can be potential biomarkers in the diagnosis of oral cancer as their expression increases to a significant proportion even several times (10-100-fold increase) as compared to mRNAs. Studies conducted by Park and his associates have found significantly reduced levels of miR-125a and miR-200a in the saliva of oral cancer patients as compared to healthy controls [43] . The expressions of 50 miRNAs were studied, but only 2 miRNAs demonstrated downregulation. In another study, Liu et al. have explored the clinical application of miR-31 as a biomarker in oral cancer [44] . It was shown in their study that levels of miR-31 were higher in saliva as compared to blood, indicating that they are released locally from the tumor site. Studies conducted by most of the investigators identified a significant change in 3 miRNA molecules. They include the following.
miR-125a. The gene that encodes the miR-125a is made up of 86 bases and is situated on chromosome 19. miR-125a plays an important role in cell proliferation and can effect the genes involved in MAPK metabolism [45] .
miR-200a.
The gene that encodes microRNA-200a is situated on chromosome 1 and there is sufficient evidence that it is involved in tumor suppression and early metastasis [46] . [47] . These cell lines were injected into the mammary fat pad of mice and their metastatic ability was studied. In their study, a clear distinction could be made between nonmetastatic and miR-31. miR-31 is coded by the gene made up of 71 bases and is situated on chromosome 9. This is a tumor suppressor microRNA, whose levels are completely lost in metastatic oral tumors. Genetic experiments conducted by Liu et al. have shown that salivary miR-31 was significantly elevated in all the stages of oral cancer irrespective of the tumor size [44] . Lajer et al. used 51 biopsies and subjected them to microarray analysis [48] . They found that the most significant perturbation between the carcinoma group and the control group was the upregulation of miR-31.
Principle Methods Employed in the Detection of Salivary Ribose Nucleic Acids
During the early stages of research, RNA isolation was a costly affair but recently several simple methods have been developed. Quantitative polymerase chain reaction (qPCR) and microarrays (proven gold standard) followed by qPCR are the principle methods used in salivary RNA analysis.
Microarray Technology.
Microarray technology allows researchers to investigate the expression profile of a large set of genes. Microarray is a collection of several miniature spots of specific DNA sequences (oligonucleotides) located on a solid base (glass, silicon chip, and microscopic beads) (Figures 2(a) and 2(b)) [49] . Each of such sequences is known as a probe and allows hybridization of cDNA or cRNA from a sample. Hybridization between two strands of nucleic acids via hydrogen bonds is the working principle behind microarray analysis (Figure 2(c) ). The sequences (cDNA or RNA) in the sample under study are firstly fused to fluorescent dyes (cyanine 3, cyanine 5) [50] . The fluorescently labeled target sequences (Figure 2(c) ) bind to the probe sequences (hybridization) and generate a signal whose strength is measured. The measurement is in terms of the number of photons emitted after stimulation with a laser of a particular wavelength. A digital image (Figure 2(d) ) is formed and later intensity values are obtained for each probe set. Microarray manufacturers provide data analysis software (e.g., microarray suite software) along with plate readers that help in the creation of raw data. Later, this is subjected to background correction, quality control measures, spot filtration, aggregation, and normalization followed by identification of gene expression and pattern recognition. Since the inception of RNA transcriptome analysis, a variety of new microarray platforms have evolved of which "Affymetrix U133 Plus 2.0" and "Human Exon 1.0 ST (HuEx)" have been of great value in RNA research. "Affymetrix U133 Plus 2.0" is a quartz gene chip that can be used to detect specific gene expression . This method is a modification of polymerase chain reaction and is carried out in a thermal cycler. The sample is mixed with sequence specific probes that are intercalated to fluorescent molecules known as "reporters. " The fluorophore labeled sequence gets hybridized to the complementary sequence. The thermal cycler has the capacity to illuminate each sample with a light of specific wavelength and the sensors in it detect the fluorescence emitted by the excited fluorophore. The instrument heats and chills the samples in cycles that can roughly be divided into three stages. In the first stage, the nucleic acid double chain is separated; in the second one there will be binding of primers; and in the third one, polymerization of DNA takes place. Quantification of gene expression is primarily by two methods: relative quantification and absolute quantification [51] . Absolute quantification gives the exact number of DNA molecules and relative quantification determines fold differences in the expression of a specific gene. This method can be used to quantify the amount of mRNA and miRNA in an unknown saliva sample.
Nanotechnology/Point-of-Care Platforms.
Oral fluid nanosensor test (OFNASET) is a very recent point-of-care technology that was developed by Dr. Wong. This "lab on chip" is an automated, easy to use, cost-effective device that can detect about 8 biomarkers in 15 minutes [52] . This system works on the principle of electrochemical detection of salivary proteomes and transcriptomes. Screening can be made in patients with a risk of oral cancer, who can later be referred for biopsies.
Conclusion
Saliva collection unlike blood and tissue sampling is a noninvasive and a reliable method for diagnosing oral cancer. Currently, a biopsy test (gold standard) is mandatory for diagnosing oral cancer. But, in the near future, salivary biomarkers may replace biopsy. It is now proven that the levels of dual specificity protein phosphatase 1, H3 Histone, Family 3A, Interleukin 1 Beta, Interleukin 8, ornithine decarboxylase antizyme 1, Spermidine N1-Acetyltransferase 1, S100 calcium binding protein P, and miR-31 are upregulated and the levels of miR-125a and miR-200a are downregulated in oral cancer patients. Several new point-of-care technologies have been emerging in salivary RNA analysis and monitoring RNAs in saliva may soon become a screening test and a diagnostic tool for oral cancer.
